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This thesis deals with the fabrication of poly(glycidyl methacrylate-co-methyl methacrylate) (PGM) 
monoliths by thermally induced phase separation(TIPS) method. Through appropriate modification, the PGM 
monolith can be utilized in various fields. The results obtained through this study are summarized as follows. 
In Chapter 1, PGM was synthesized by a conventional radical copolymerization. The unit ratio of 
MMA and GMA determined by 1H NMR spectroscopy was 89/11. PGM monoliths with three-dimensional 
continuous interconnected porous structures were successfully fabricated through TIPS method. We found that 
PGM could be dissolved in the mixture of ethanol and H2O, both of which are non-solvent of the polymer. This 
could be explained by the unique cosolvency effect. The morphology of PGM monolith including pore and 
skeleton sizes was easily tuned by varying the fabrication parameters such as cooling temperature and polymer 
concentration. The skeleton and pore size increased when the cooling temperature increased and polymer 
concentration decreased. In addition, the mechanism of the formation of PGM monolith was discussed. 
In Chapter 2, we used the epoxide-containing polymethacrylate-based monolith having a well-defined 
porous structure as a solid support for the immobilization of HRP. The PGM monolith was modified with 
AADH, EDTAD and NHS to introduce the reactive NHS ester groups, followed by reacting with HRP under 
mild reaction conditions. The immobilized HRP on the modified PGM monolith showed enhanced thermal 
stability at 60oC and kept 52% of the original activity after 6 cycles of the reaction. Furthermore, three spacers 
with different lengths were selected to modified PGM monolith. Moreover, the spacer structure could reduce 
the steric interference when HRP was immobilized on modified PGM monolith.  
In Chapter 3, the PGM monolith with interconnected pores was fabricated by a facile and 
template-free method, whose pore structure could be readily controlled by preparation conditions, such as 
cooling temperature and polymer concentration. The epoxy groups on the PGM monolith were modified with 
aminoacetal followed by acid hydrolysis to obtain the monolith having aldehyde groups. The PGM-CHO 
monolith was used to immobilize pepsin via the reductive amination. The immobilized pepsin showed stability 
by inhibiting irreversible conformational change of pepsin. The immobilized pepsin was packed into a column 
and used for UPLC-ESI-MS/MS online protein digestion. The result showed equal to or even better 
 performance than that obtained from the commercial pepsin-immobilized POROS column. It is anticipated that 
the present efficient sample preparation and the relevant UPLC-ESI-MS/MS online analytical system might 
provide a promising tool for automated and comprehensive profiling of proteomes and for detailed protein 
characterization with low cost.  
In summary, a polymethacrylate monolith was prepared successfully by using PGM as the precursor 
via TIPS method. The obtained monoliths have unique open- cellular three- dimensional structure and they are 
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2 PGM の反応性エポキシ基を利用して、PGM モノリスを固定化酵素担体に用いている。エポキシ基を反応性に富
む N-ヒドロキシコハク酸イミド（NHS）に変換し、ここを基点に西洋ワサビペルオキシダーゼ（HRP）を固定
している。モノリス表面と NHS 基間のスペーサー長を変えることで、固定化酵素量と酵素活性の向上が図られ









できる PGM モノリスが高付加価値のオンライン分析用カラムとして利用できる可能性を示唆している。 
以上のように、本論文は熱誘起相分離を基盤技術とした反応性ポリメタクリレートモノリスの作製法とバイオ用途
を中心とする機能材料への応用を検討している。これらの結果は多孔質材料の分野における基礎・応用の両面から重
要な知見を与えている。よって、本論文は博士論文として価値あるものと認める。 
 
